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suMMARY

The aerodynamicloads acting over the vertical tail were determined
from steady and maneuvering flight during the investigationof the lateral
stabilityand control characteristicsof the Convair XF-92A airplane.
The results presented in this paper were obtained from rudder pulses and
gradually increasingsideslips over the Mach number range from 0.50 to
0.87 at altitudesbetween 30,000 feet and 20,000 feet.

The vertical-tailpanel bending-momentand normal-forcecharacter-
istics are essentiallylinear with increasing sideslip angle both in
rudder-fixedand trimmed maneuvers. A comparisonof the bending-moment
and normal-forceparameters derived from rudder-fixedoscillationsand
the correspondingparameters derived from gradual manuevers indicates
similar trends with Mach number. The effect of rudder deflection is to
reduce the slope of the vertical-tailnormal-force-coefficientvariation
with sideslip angle and to move the lateral location of the center of
pressure of the additional air load inboard about 5 percent of the span
of the vertical-tailpanel.

The vertical-tailbending-momentand normal-force coefficients
resulting from rudder deflectionssre essentially constant below a Mach
number of O.~ with an apparent tendency for both parameters to increase
at the higher Mach numbers tested.

INTRODUCTION

As part of the cooperativeAir Force— Navy-NACA flight research
program, the delta-wing Convair XF-92A airplane was utilized for flight
investigationsat the NACA High-Speed Flight Station at Edwards, Calif.

The primary purpose of these flight investigationswas to evaluate
the handling qualities,lift and drag characteristics,aerodynamic loads
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and load distribution,control surface loads, and buffeting characteris-
tics. During the test program the flight envelope was extended to the
maximum lift and Mach number attainable. Results of several of these
investigationsare reported in references1 to 4.

Vertical-tailloads were measured by strain-gagemethods during
these flight investigationsto provide full-scaleflight loads infor-
mation on a low-aspect-ratiotriangular vertical-tailconfigurationsuch
as used on the XF-92A airplane. This paper presents the results of the
measurements of vertical-tailloads during rudder pulses, rudder-fixed
oscillations,and gradually increasing sideslipsat level-flightlift
coefficientsat altitudes between 30,000 feet and 20,000 feet up to a
Mach number of 0.87.

SYMBOLS

bti span of vertical-tailpanel outboard of gage station, in.

Cbvt vertical-tailpanel bending-momentcoefficient,

cL- variation of vertical-tailpanel bending-moment
“br

with rudder

cNvt vertical-tail

bcbti
deflection,per deg, —

abr

‘b~

q%tbvt

coefficient

‘Vt
panel normal-force coefficient, —

q%

c variation of vertical-tailpanel normal-force’coefficient

‘P with angle of sideslip for zero rudder deflection,per

cNbr variation of vertical-tailpanel normal-force

bcNti
with rudder deflection,per deg, —

&r

chord at any section, in.

coefficient
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%t

Cp
A

M

‘bvt

P

q

r

%t

.

mean aerodynamic chord of vertical-tailpanel, in.

rbvt

J C~ dy

o

slope of normal-force-coefficientvariation with sideslip
angle for trimmed sideslip,per deg

lateral location of the center of pressure of the additional
air load of the vertical-tailpanel, percent bvt

pressure altitude, ft

vertical-tailpanel aerodynamicload (positiveload to the
left), lb

free-streamMach number

vertical-tailpanel bending moment about vertical-tailstrain-
gage station (positivecounterclockwisewhen viewed from the
rear), in-lb

rolling velocity, radians/sec

free-streamdynamic pressure, lb/ft2

yawing velocity, radians/see

area of vertical-tailpanel outboard of strain-gagestation,
ft2

time, sec

spanwise distance along vertical

indicated sideslip angle, deg

rudder position, deg
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AIRPLANE

The Convair XF-92A is a semitailless,delta-wingairplane with a
600 leading-edgesweepback of the wing and vertical stabilizer. The
wing and vertical tail have a streamwisethickness ratio of 6.5 percent.
The elevens and rudder are full-span, constant-chordsurfaceswith small,
unshielded horn balances near the tips. Control surfaces are actuated
by a 100-percenthydraulicallyboosted system. The airplane has no
dive brakes and no leading- or trailing-edgeflaps or slats.

A three-view drawing of the airplane is shown in figure 1 and pho-
tographs are shown in figure 2. Table I lists the physical character-
istics of the airplane?

INSTRUMENTATIONAND ACCURACY

The Convair XF-92A airplane was equipped with standardNACA recording
instrumentsfor recording the following quantitiespertinent to this
investigation:

Airspeed
Altitude
Normal and transverseacceleration
Rolling angular velocity and acceleration
Yawing angular velocity and acceleration
Control positions
Angle of attack and angle of sideslip

A multichanneloscillographwas used for recording strain-gageoutputs
and a common timer was used to correlateall instruments.

Strain gages were installed on the vertical tail spars at the
vertical tail root (approximately4 inches outboard of the vertical
tail-fuselagejuncture as shown in fig. 1) to measure shear and bending
moment. The data presented in this paper have been corrected for the
inertia of the vertical tail and are the aerodynamic loads acting over
the vertical-tailsurface.

The accuracy of the measured loads was determined from the results
of a static calibrationand an evaluation of the strain-gageresponses
in flight. The estimated error in shear and bending moment is i300 pounds
and ~8,000 inch-pounds,respectively. Estimated accuracies of other
pertinent recorded quantitiesare:
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NACA RM H55H25

Mach number, M
r, radians/see
p, radians/see
~, deg....
br, deg . . .

The flight
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TESTS

tests were conducted in the clean confi~ation at level-
flight lift coefficients. Vertical-tailloads were measured during abrupt
rudder pulses, rudder-fixedoscillationswith the aileron held fixed, and
gradually increasingsideslipsusing ailerons to hold constantheading
over the Mach number range from 0.50 to 0.87 at altitudes from 30,000 feet
to 20,000 feet. Reynolds number, based on the wing mean aerodynamicchord,
varied between 2> x 106 and 50 x 106 for this series of tests. The center

of gravity varied between 27.1 and 28.2 percent of the wing mean aerody-
namic chord.

RESULTS AND DISCUSSION

Time histories of representativerudder pulses at several Mach
numbers are presented in figure 3 showing the rudder input, the resulting
vertical-tailloads, and airplane motions. The initial portion of the
maneuvers shows the rudder deflectionand the correspondingchange in
vertical-tailbending-momentand normal-force coefficientsbefore the
airplane responds to the control input. This portion of the maneuver is
indicated by the solid lines in figure 3 occuring near t = 1.0 second.
Since rudder deflection,vertical-tailbending-moment,and normal-force
coefficientwere the only variables during this portion of the maneuver,
it was possible to determine the vertical-tail-loadparameters Cbbr

and CNbr. It may be noted that small changes in sideslip angle (less

than O.lO) did occur during the time the rudder was being deflected.
However, the error in the values of CNb and Cbbr, caused by a change

r

of O.1° in sideslip angle, was estimated to be less than 20 percent based
on the values of normal-force-curveslope and the center of pressure of
the additional air load ascertainedfrom this investigation.

The Mach number variation of the vertical-tail-loadparameters

Cbbr and CNbr

The parameters

determined from rudder pulses

Cb
br

and CN are relatively
br
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number of 0.80 at levels of about -0.009 per degree and -0.017 per
degree, respectively. At the higher Mach numbers a slight increase in
both parameters is apparent.

The solid lines in the latter portio; of the maneuvers beginning
near t = 2.0 seconds of figure 3 show the airplane oscillationsafter
the rudder has been returned to neutral. From this portion of the maneu-
ver the vertical-tailnormal-force coefficient cNti was plotted with

respect to sideslip angle B and appeared to have a linear variation
with sideslip over the range of sideslip angles investigated. Therefore,
slopes of these data were taken to determine the parameter CNP. (Normal-

force increments caused by rolling and yawing velocitieswere evaluated
and were found to be negligible). Typical plots used to determine CN

B

and the variation of CNP with Mach number are shown in figure 5. The

vertical-tail-loadparameter CNP is constantat a level near 0.035

per degree to a Mach number of 0.70, then increases gradually to a value
near 0.045 per degree at M = 0.87.

The center of pressure of the additionalair load cpA for the

rudder-fixed oscillationswas determinedby taking slopes of the vari-
ation of bending-momentcoefficient Cbti with C~. Typical plots

used to determine cp* and the variation of cpA with Mach number are

shown in figure 6. The lateral location of the center of pressure of
the additional air load is located at approximately45 percent of the
span of the vertical-tailpanel over the Mach number range from 0.50
to 0.87.

The vertical-tail.loads measured during gradually increasingside-
slips over the Mach number range from O.~ to 0.85 are shown in figures 7
to 9. It may be noted that sideslipswere performed using sufficient
aileron to hold a constantheading. Aileron angles varied from approxi-
mately 4° at low speeds to 2° at high speeds. The parameters determined
from these maneuvers are compsredwith the parameters obtained from the
rudder-unreflectedmaneuvers to illustratethe effect of rudder deflec-
tion on the vertical-tailloads.

Figure 7 shows the variation of the vertical-tailnormal-force
coefficient CNti with sideslip angle and the correspondingrudder

required to sideslip
The data of figure 7
number of the slopes

for several maneuvers over the Mach number range.
are shown in figure 8 as the variation with Mach
of the vertical-tailnormal-forcecoefficient

co~~m~
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dCNti
resulting from trimmed sideslips —

d~
and the ratio of rudder deflec-

dbr dCNti
tion to sideslip angle The parameter — for trimmed sideslip

~“ .d~

has a value of approximately0.028 per de~ee to a Mach number of 0.75,
then increases graduallyto 0.032 per degree at M = 0.85.

The curve of CN~ determinedfrom rudder-fixedmaneuvers (fig. 5)

is also shown on figure 8. The difference in level between the curves of

dC
CNP

and ~ illustratesthe change in normal-force-curveslope
d~

attributableto rudder deflectionand is relatively constant over tbe
Mach number range. The reduction in rudder-fixedCN is approximately
20 percent. P

“N~
It is interestingto note that the variation of — with Mach

d~

number can be derived

and CN from figure
P

was used to calculate

% from figure 8,using cNar from figure 4,
d~

“~Vt . CNb X dbr
5, since — +CN. This method

d~ r d~ P
the variation of vertical-tailnormal-force

coefficientwith sideslip angle and agreed very closely with the measured
data and slopes of figure 7.

The variation of bending-momentcoefficient Cbti with normal-

force coefficient CNti and the res~tant CpA $Or the trimmed si&-

slips is shown in figure 9. The center of pressure of the additional
air load for the trimmed sideslips is located at approximately40 per-
cent bvt over the Mach number range from 0.50 to 0.85. A comparison

of the centers of pressure of the additional air load determined from
rudder-fixedand trimmed sideslip maneuvers indicates that rudder deflec-
tion moves the cpA inboard apprOXimatdy 5 peI?Cent Of bti over the

Mach number range tested.

CONCLUSIONS

.

Flight measurementsof the vertical-tailloads on the Convair
XF-92A airplane over the Mach number range from 0.50 to 0.87 during

CONFIDENTIAL
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rudder pulses and gradually increasingsideslipshave indicated the
following conclusions:

1. The vertical-tailpanel characteristicsare essentiallylinear
throughoutthe angle of sideslip and Mach number range tested.

2. The vertical-tailload parameters derived from the rudder-fixed
oscillationsand steady sideslipmaneuvers display similar trends with
Mach number, with differences in level indicatingthe effect of rudder
deflection on the vertical-tail.loads. The predominanteffect of rudder
deflection on the vertical-tailloads is
slope CN approximately20 percent and

P

of the additionalair load cpA inboard
span of the vertical-tailpanel.

to reduce the normal-forcecurve
to move the center of pressure

approximately5 percent of the

j. The vertical-tailbending and normal-force coefficientsresulting
from rudder deflections Cbbr and CN are essentiallyconstantbelow

br

a Mach number of 0.80 with both parameters indicatinga tendency to
increase at the higher Mach numbers tested.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,

Edwards, Calif., August 15, 1955.
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TAK,E I. - PEYSICALCEARAC!?ER191’ICSOF TEE XF-92AAIRPLANE

NACA RM H55H25

wing:
Area, si ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425
Span,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.55
Airfoil section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NACA 65(06)-@36.5

Mean aerodynamicchord,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rootchord, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tip chord. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Taper ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . .
Sweepback(leadingedge),deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Incidence,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dihedral(chordplane),deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

18.09
2.31
27.15

0

:
0
0

Elevens:
Area (total,both, re~ ofhinge line),sqft... . . . . . . . . . . . . . . . . . . . . . . . 76.19
Horn balancearea (total,both, elevensforvardof hinge line),sq ft . . . . . . . . . . . . . . . . 1.4
Span (oneelevon), ft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.35
Chord (rearwardof hinge line, constantexceptat tip), ft . . . . . . . . . . . . . . . . . . . . . 3.05
Movement,deg
Elevator:
up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ... . .. . . . . . 15
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Aileron,total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
operation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~b=~ic

Verticaltail:
Area, above ftmelagecenterline, sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126.5
Area, exposed,sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75.35
Height,above fuselagecenterline,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U.70
Eeight,expoeed,ft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.96
Airfoil section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NACA 65(06);C&6L;
Mean aerod$mamicchord (areaabove fuael.agecenterline); in. . . . . . . . . . . . . . . . . . . .
Mean aerodynamicchordof exposed=ea, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129:Ilo
Aspect ratioofareaabove fuselagecenterline.. . . . . . . . . . . . . . . . . . . . . . . . . . 1.085
Aspect ratio ofexposedarea . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . 1.065
Rcotchord atfuselagecenter line, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251.15
Root chordofexposedarea, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1911
Tip chord. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Taperratlo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O
Sweepback(leadingedge),deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a

Verticaltail panel outbwd of gage station:
.lrea,sqft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Span, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103.7
Meanaercdynemic chord,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124.-1
Fuselagestationof leadingedge of mean aerodynamicchord,in. . . . . . . . . . . . . . . . . . . 32b.08
Tail length.topanel quarterchordat gross-weightcenterof gratity,in. . . . . . . . . . . . . . 68.14
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L.065
Rootchord, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187.07

Rudder:
Area, Bqft. . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.53
Span)ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . 9.22
Travel,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ?8.5
Qeration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .W&a~ic

Fuselage:
Len@h, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .b2.eo
M&ximumdiameter,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.5t3

Power plant:
Engine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .~is0nJ33-A-29 wfthafterb~ner
Rath,q:
Staticthrustatse.slevel, lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Staticthrustatseale~el vithafterburner,lb... . . . . . . . . . . . . . . . . . . . . . .

Weight:
Gross weight (560galfuel), lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
E&nptyweight,lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Center-of-gravitylocations:
Gross weight (560galfiel), percentM.A.C. . . . . . . . . . . . . . . . . . . . . . $......
Empty weight,percentM.A.C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Inertiacharacteristics:
Moment of inertiain yaw, (averagevalue through0° to 8° angle of attackat
averagegrossweight),slug-ft2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Moment of inertiain roll, (averagevalue through0° to ~ angle of attackat
averagegrOssweight), slug-ft2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Inclinationof principalaxis of lnerti~,(estimated),deg . . . . . . . . . . . . . . . . . . . .

5,600
7,503

15,560
LI,808

25.5
29.2

38,M0

6,003

1.0
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Figure l.- A three-view drawing of the XF-92A air-plane.All dimensions
are in inches.
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(a) Left side view.

(b) Three quarter rear view.

L-89388

(c)Overhead front v~ew.

Figure 2.- Photographs of XF-92A research airplane.
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Figure 3.- Continued.
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Figure 3.- Concluded.
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Figure 4.- Variation with Mach number of vertical-tailbending-moment
and normal-forcecoefficientscaused by rudder deflection.
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Figure 5.- Variation of vertical-tailnormal-forcecoefficientwith side-
slip angle, and the normal-forcecurve slope variation with Mach num-
ber during rudder-fixedoscillations.
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Figure 6.- Variation of vertical-tailbending-momentcoefficientwith
normal-forcecoefficientand the variation with Mach number of the
center of pressure of the additionalair load during rudder-fixed
oscillations.
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Figure 7.- Variation of rudder deflectionand vertical-tailnormal-force
coefficientwith sideslip angle from several representativetrimmed
sideslipmaneuvers.
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Figure 7.- Continued.
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Figure 7.- concluded.
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Figure 8.- Variation with Mach number of the rudder required to sideslip
and the vertical-tailnormal-forcecurve slope from trimmed sideslip
maneuvers showing the effect of rudder deflection.
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Figure 9.- Variation of vertical-tailbending-momentcoefficientwith
normal-forcecoefficientduring trimmed sideslips,and the variation
with Mach number of the center of pressure of the additional air load
showing the effect of rudder deflection.
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